The test results were based on a field experiment conducted in [2007][2008][2009] in pilot plant of Plant Breeding and Acclimatization Institute -National Research Institute in Jadwisin on lessive soil with granulometric composition of loamy sand. The experiment was carried out applying the method of drawn sub-blocks in the dependent arrangement, split-plot, in three replications. Row I factors were the cultivars 'Irga' and 'Fianna', and row II factors were weed control methods: 1) control object -without chemical protection, 2) extensive mechanical treatments (every 2 weeks), carried out after planting until rows reached closeness, 3) Sencor 70 WG -1 kg·ha -1 of pre--emergence potato, 4) Sencor 70 WG -1 kg·ha Harvest was performed at the technical maturity of the potato. Nitrate markings were performed according to the colorimetric method. The value of the trait was to a large extent determined by genetic factors. A medium-early variety 'Irga' had a higher nitrate content compared to an average late variety 'Fianna'. Nitrate concentration in potato tubers was dependent on the applied weeding control methods used and atmospheric conditions in the research years. The tubers with the highest concentration of nitrates came from the facility where pre-emergence potato preparations Sencor 70 WG + Titus 25 WG + Trend 90 EC were used.
Introduction
Potato is one of basic food plants whose tubers are consumed in Poland almost every day by majority of people. The direct proof of their nutritious value is the content and biological quality of the substances entering into their composition (starch, simple and reducing sugars, proteins, exogenous amino acids, lipids, mineral compounds, organic acids, vitamins, poliphenols etc.) (Leszczyński, 2012) . Apart from the natural components of tubers having both nutritious and dietary values, there are also undesirable substances. They are natural components of the tubers or are produced either as a result of metabolic plant disturbances or get into it from the polluted environment. The undesirable substances comprise: glycoalkaloids, nitrates, nitrites, mycotoxins, pesticides remnants or heavy metals (Cieślik, 1995; Friedman, 2006; Janowiak et al., 2009; Knuthsen et al., 2009; Rytel, 2010; Tajner-Czopek et al., 2008; Zarzecka et al., 2015) .
The content of nitrates oscillates at the level of 100-740 mg NaNO3 per 1 kg, and on the average reaches 150-300 mg NaNO3 per 1 kg. However, the values are significantly lower than it is in the case of other agricultural products such as: lettuce (1500-3000 mg·kg -1 ), cabbage (1000-6500 mg·kg -1 ), parsley (400-1100 mg·kg -1 ), sugar beet (1400 -3200 mg·kg -1 ) (Haddad et al. 2016; Janowiak et al., 2009; Marks, 2009; Mikos-Bielak et al., 1999; Murawa et al., 2008) .
Nitrates (V) are relatively of low toxicity to people, however, they may be reduced to nitrites (III) in the organism. It is though commonly known that ¾ of food-products originating nitrates can be reduced to nitrites, which are undoubtedly more dangerous to the human and animal organisms than the nitrates themselves causing among others: oligocystosis, methaemoglobinaemia, vitamins A and B decomposition (Mikos-Bielak et al., 1999; Zgórska and Grudzińska, 2009) . They are precursors of toxic N-nitrosine compounds occurring in food, e.g. 1,2-dimethylnitrosamine causing liver damages and inducing tumours. Nitrosamines, subjected to degradation to alkyl radicals, impair guanina in nucleic acids (Dżugan and Pasternakiewicz, 2007; Haddad et al., 2016; Koś-ciańska and Rodecka-Gustaw, 2011) . The compounds are consumed with food and at the dose as low as 10 mg·kg -1 of body mass per day initiate the development of tumours in animals (Kardasz and Pawłowska, 2008; Valdés-Ramos and Benítez-Arciniega, 2007) . Nitrates in potato tubers are situated in the peel and under it, and they are easily soluble in water. Thus peeling the skin, cutting, rinsing tubers in water, blanching and boiling reduce the content of the compounds (Mikos-Bielak et al., 1999; Zgórska and Grudzińska, 2009) . Applying herbicides in potato cultivation will reduce the harmful weeds impact, yet it can simultaneously influence the changes in the chemical composition of the tubers, including nitrates (Wichrowska and Wojdyła, 2011) . That is why the aim of the below study was an evaluation of the content of nitrates in potato tubers cultivated in conditions of varied weeding techniques.
Material and methods
The study results were based on the field experiment carried out in the period between 2007-2009, at the pilot plant of Plant Breeding and Acclimatization Institute -National Research Institute in Jadwisin. The soil was lessive of granulometric loamy sand composition, weak rye complex, medium phosphorus, potassium and magnesium-rich.
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The experiment was carried out applying the method of drawn sub-blocks in the dependent arrangement, split-plot, in three replications (Trętowski and Wójcik, 1991) . Row I factors were the cultivars 'Irga' and 'Fianna', and row II factors were weed control methods: 1) control object -without chemical protection, 2) extensive mechanical treatments (every 2 weeks), carried out after planting till rows reached closeness, 3) Sencor 70 WG -1 kg·ha The potato forecrop was winter wheat, and after it's harvested white mustard was sown as an intercrop for ploughing in. Nitrogen fertilization was carried out at the quantity of 50 kg N per 1 ha, skimming and sowing of white mustard at 20 kg·ha-1 were conducted after the wheat harvest.
Mineral phosphorus-potassium fertilization at the dose of 39.3 kg P per 1 ha and 116.2 kg K per 1 ha was applied and covered by autumn ploughing every autumn prior to the planting. Nitrogen fertilizers were sown in spring at 100 kg N per 1 ha, and mixed with soil using the cultivation unit (cultivator + string roller). Potato tubers were planted manually, in the third decade of April at 75 × 33 cm spacing. Reproduction material was of C/A class. Herbicide measures were conducted manually with an application of a knapsack sprayer. Protection of potato against diseases and pests was carried out in agreement with Institute of Plant Protection -National Research Institute recommendations. To protect potatoes against alternariose and potato blight the following fungicides were applied: Tattoo C 750 SC at the dose of 2.5 dm·ha . The application was carried out in agreement with Institute of Plant Protection -National Research Institute recommendations. Potato elevator digger was used to collect the tubers in the third decade of September. Representative tuber samples were collected from each field plot for chemical analyses. The marking of nitrates in tubers' fresh mass was conducted by help of the colorimetric method basing on Griess' reaction using a mixture of zinc and manganese with a reduction of nitrates to nitrites taking place (Fortuna, 2003) , in the Chemical Laboratory of PBAI -NRI in Jadwisin.
Statistical package SAS v.9.2 was applied to carry out statistical analyses. They were based on triple factor models (years × cultivars × methods) of the analysis of variance (ANOVA), as well as t-Tukey's multiple tests (or confidence intervals), after the significance level 0.05 had been accepted. The significance of the variability sources was verified by F-Snedecor's test. The computation of the significance of differences between the compared means was conducted by means of Tukey's multiple intervals. Tukey's multiple comparisons tests facilitated detailed comparative analyses of means, 4 isolating statistically homogeneous groups of means, and defining the so-called least significant differences of means, which in Tukey's tests are marked by HSD (Tukey's Honest Significant Difference). The results of the infestation evaluation, connected with: the general number of weeds before rows' closeness was completed, number of weeds before potato harvesting, their fresh and dry matter, as well as nitrate content, were subjected to the multiple regression analysis.
The variability of the analysed results was characterized by means of: arithmetic mean, standard deviation and variability coefficient V calculated according to the formula: V = (S / x ̅ ) · 100, where S -standard deviation, x ̅ -arithmetic mean (Koronacki and Mielniczuk, 2006) .
The conditions of vegetation in 2007-2009 were of varied air temperatures and precipitation (Fig. 1 ). 2007 can be described as fairly dry, 2008 -as dry, and 2009 -as the year with the most favourable moisture-thermal conditions for potato cultivation. 
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Mean temperature of April-September period of 2007 reached 13.7°C and was lower than the multi-year mean for the period by 0.6°C. The precipitation sum for the period was 436.4 mm, which meant 165.3% of the multi-year norm. The weather course for the 2008 vegetation was non-typical. The precipitation sum for May and August exceeded the multi-year norm, and in the other months a meaningful water deficit was observed, and both June and July were dry. Mean air temperature of April-September period was 14.2°C and was lower than the multi-year mean by 0.3°C. The meteorological conditions for the 2009 vegetation period were varied but their common feature was a period of drought which occurred at the beginning of the potato vegetation. Mean temperature of the April-September period was 15.3°C, which was a deviation from the multi-year mean by 0.1°C, whereas the precipitation sum of the period was at the level of 359.5 mm and was lower than the multi-year mean by 4.3 mm (Fig. 1) .
Results
The content of nitrates in potato tubers depended upon all the studied factors of the experiment. The medium early cultivar 'Irga' showed a higher content of the compound compared to the medium late cultivar 'Fianna' (Table 1) . Herbicide-asissted weed control, accompanying the carried out experiments, significantly influenced an accumulation of nitrates in the tubers. An increase of this form of nitrogen in tubers, compared to mechanical application control, was observed in all objects except from the combination with the post-emergence application of Sencor 70 WG + Titus 25 WG + Trend 90 EC herbicide mixture. The highest nitrate content was observed in tubers coming from the object where in the pre-emergence potato period the following preparations were used: (Table 1) .
The atmospheric conditions at the time of the experiment significantly influenced the content of nitrates in tubers of the edible potato (Table 1 ). The lowest concentration of the component was observed in 2008 which was characterized by a non-typical weather course. The May-August period precipitation sum exceeded the multi-year norm, whereas June and July were dry. The year had a lower, compared to the multi--year, air temperature at the period of accumulation of nutritive compounds. Then, the content of nitrates in tubers, in 2007 and 2009, i.e. both in a fairly dry year and the one most favourable in terms of humidity and temperature conditions, turned out to be homologous in respect of the feature. The examined cultivars reacted in a similar way to the edaphic-climatic conditions at the time of the experiment (Table 1 ).
An influence of the control method on the nitrate content depended on the atmospheric conditions at the time of the experiment. Significant differences in the nitrate content in potato tubers, at the study time, were proved for the following methods: 4, 5, 6 and 7 (Fig. 2) . The highest content of the nitrogen form in tubers was reported in combination 4, with the weed control method using Sencor 70 WG + Titus 25 WG + Trend 90 EC at the pre-emergence time or in combination 8, with Sencor 70 WG + Apyros 75 WG + Atpolan 80 SC herbicide mixture, applied at the post-emergence time, LSDα=0.05 for cultivar -0.8; LSDα=0.05 for year -1.1; LSDα=0.05 for weed control system -2.4; LSDα=0.05 for cultivar × year -n.i.; LSDα=0.05 for cultivar × weed control system -n.i. *Weed control systems: 1) control object -without chemical protection, 2) extensive mechanical treatments (every 2 weeks), after planting till rows closeness, 3) Sencor 70 WG − 1 kg·ha (Table 2) . It was most effectively reduced by the number of weeds after the rows had been closed, as well as fresh weed mass before potato's harvest. Negative dependencies between the weed infestation and the content of nitrates were reported in all the objects both with mechanical and chemical control method (Table 2) . Moreover, the dependencies gathered in Table 2 indicate that, independently of the applied control method and the date of the infestation evaluation, air-dry and fresh weed mass was positively correlated with the number of monocotyledonous and dicotyledonous weeds occurring on the area of potato plantations, which resulted from the interior (inter)correlation.
The number of weeds on 1 m 2 before row closing, and before harvest, as well as fresh and dry weed mass, proved to be negatively correlated with the content of nitrates in potato tubers. It made the authors carry out the analysis of the multinomial regression. The obtained data indicate a significantly negative impact of the successive weed infestation components on the content of nitrates in potato tubers ( Table 2 ). The content was most meaningfully lowered by the fresh weed mass prior to potato harvest. The dependencies were considered in respect of the standard deviation of independent variables of the arithmetic mean (Table 3) y1 -nitrate content (mg·kg -1 ), x1 − number of weeds per 1 m 2 before rows closeness, x2 − number of weeds per 1 m 2 before tubers harvest, x3 − fresh matter of weeds before tubers harvest (g·m -2 ), x4 − air-dry matter of weeds before tubers harvest (g·m -2 ). * − significant at the level of 0.05, ** − significant at the level of 0.01. y1 -zawartość azotanów (mg·kg -1 ), x1 − liczba chwastów na 1 m 2 przed zwarciem rzędów, x2 − liczba chwastów na 1 m 2 przed zbiorem bulw, x3 − świeża masa chwastów przed zbiorem bulw (g·m -2 ), x4 − powietrznie sucha masa chwastów przed zbiorem bulw (g·m -2 ). * − istotne przy poziomie 0,05, ** − istotne przy poziomie 0,01. stability (V = 27.5%) among the assessed characteristics of the dependent variables, while the number of weeds at the pre-harvest time showed the highest variability (V = 68.0%) ( Table 3) . The arithmetic mean, as well as standard deviation, influenced the value of the assessment coefficient. The nitrate content turned out to be the most changeable in the objects where infestation control was carried out with Sencor 70 WG preparation at the dose of 1 kg·ha -1 at the potato pre-emergence time, while the most stable -in the control object.
The linear dependency for mechanical-chemical cultivation with a share of Sencor + Titus + Trend mixture applied at the potato pre-emergence time, where the determination coefficient practically equaled 100% (Table 4) , was accepted as the most reliable, considering the dependencies between the nitrate content and the number of weeds in the rows pre-closeness period, in the range of standard deviation from the arithmetic mean. An increase in the number of weeds before the rows closeness influenced the increased accumulation of that form of nitrogen in tubers in all the methods of protection, apart from the extensive mechanical measures, carried out each second week, from planting till row closeness time. The coefficient of determination for the dependencies was over 99%, which lets the authors consider the method to be highly reliable (Table 4). A significant increase in the content of nitrates was found in the tubers along with an increase of both the number and fresh and air-dry weed matter before the potato harvest. It is confirmed by high values of coefficients of determination (> 80%) of the considered equations (Table 4) .
Discussion
In the carried out experiments, the accumulation of nitrates was dependent upon the cultivated potato cultivar. Mikos-Bielak et al. (1999 ), Zgórska (2003 , Grudzińska and Zgórska (2008) report on an influence of the cultivated cultivar on the concentration of nitrates in potato tubers. Zgórska and Grudzińska (2009) proved that mean content of nitrates in very early and early cultivar tubers was 224 and 205 mg NO3 per 1 kg of fresh matter, respectively, while it was 2-fold lower in the medium early cultivars, and it did not exceed 50 mg NO3 per 1 kg of fresh matter in medium late cultivars. Nitrogen (V) content in Wójcik-Stopczyńska et al. (2012) research was found within the range 31.4-233.3 mg NO3 per 1 kg, but only in three of the 25 examined samples their content exceeded 200 mg NO3 per 1 kg, and in 11 it was lower than 100 mg NO3 per 1 kg. The varied nitrogen content in the investigated cultivars tubers was also observed by Zarzyńska and Wroniak (2007) but the content was dependent upon the type of soil, place of cultivation and farming system. For example, the 'Bartek' cultivar showed an insignificant accumulation of the component in its tubers independently of the cultiv-ation place, on the other hand, the 'Korona' cultivar tubers showed the undesirable compounds content to be generally high, and while cultivated on heavy soils the level exceeded 2-fold the norm defined as safe, i.e. 250 mg NaNO3 per 1 kg. The medium late cultivars tubers showed an insignificantly varied content of nitrates in relation to the place of cultivation, whereas meaningful in case of both very early and early cultivars. The carried out chemical analysis of the investigated potato bulbs proved a significant increase of nitrates accumulation as a result of the applied herbicides. Boligłowa et al. (2004) also proved a significant increase in the nitrate content in potato tubers, depending upon the introduced herbicide active substance.
An increase in the nitrate content was observed after a mixture of linuron + pendimetalina was applied. The plants treated with cyanosis, linuron, linuron combined with cyanosis, as well as metribuzin, produced less nitrates in the bulbs, compared to the control object. Wichrowska (2007) Similar observations were presented by Frydecka-Mazurczyk and Zgórska (2000) . They proved that a temporary deficit of rainfall and high temperature, as well as excessive rainfall and low temperature during the vegetation season, cause the compounds increase in potato tubers. A high dependency of the nitrate content on the environmental conditions, in the aspect of various weed control methods, may be connected with an excessive moisture or soil drought at the vegetation period. The importance of moisture conditions and their influence on the concentration of nitrates in tubers are also paid attention to in the research of Wierzbicka (2011) . The results of the research indicate that the tubers irrigated at the drought time, contained a lower amount of the compounds compared to those cultivated without irrigation. The conducted equations of regression between the elements of weed infestation of a plantation and the content of nitrates in potatoes proved that limiting weed infestation of a plant stand, both at the pre-and post--emergence period, brought about a reduction in the accumulation of nitrates in potato tubers. Różyło and Pałys (2009) while investigating the values found no interdependen-cies between the weed infestation elements and the nitrogen content in potato tubers. The authors proved that only air-dry weed-matter was decisive, to the most meaningful degree, in cumulating ash components in potato tubers.
Conclusions
1. Weed control methods had a decisive impact on the content of nitrates in potato tubers. The highest concentration of nitrates showed the tubers coming from the object where at the pre-emergence period Sencor 70 WG (1 kg·ha 4. The studied changes showed a variability of accumulation of the form of nitrogen in tubers. The medium early cultivar 'Irga' cumulated more nitrates in tubers than the medium late 'Fianna'.
5. Reducing weed infestation of the plantation, both before and after potato planting, as well as after potato emergence, brought about a decrease in the accumulation of nitrates in potato tubers.
